PATTERNS AND DETERMINANTS OF INCOME OF CANADIAN ENGINEERING GRADUATES ANDREW C. GROSS
T HIS report describes and seeks explanations for the salary structure of college graduates who received their bachelor's degrees in electrical engineering from a Canadian university.^ It presents data on the current income of these men and traces the growth in their earnings from the time they graduated. Regression analysis is used to examine the impact of various independent variables on incomes and to determine the amount of explained variation in such earnings. Finally, other factors related to income are considered, including the relationship between mobility and salary improvement and a comparison between the income of Canadian engineers and that of other Canadians and United
Electrical engineers who received their degrees from Canadian universities in the same year show wide variation in the amount of their current earnings. This study finds the explanation for this dispersion in the nature of the work performed, organizational settings, and quality of performance. Being one's own boss, it is revealed, does not result in immediate gains, but pays oSE in the long run. Technical activity is remunerative in the early years after graduation, but in later years a managerial position offers greater Bnancial reward.
Andrew C. Gross is assistant professor. College of Business Administration, The Cleveland State University. Financial aid for this study was received from the Canadian Department of Labour, Canadian Department of Manpower and Immigration, Center for Community Studies of the University of Saskatchewan, and the Dominion Bureau of Statistics.-EDITOR States engineers. The present article is based on a larger study which dealt with engineering manpower in Canada.Î ncome Patterns and Growth of Earnings Mean annual earnings of 1954, 1959, and 1964 electrical engineering graduates of Canadian universities, including self-employed persons and those residing abroad, were about $11,150, $9,250, and $6,575, respectively, as of 1965.^ Correinterviews were conducted with individuals who received bachelor's degrees in electrical engineering in 1954, 1959 , and 1964 from a Canadian university. Of a total of 1,187 such graduates, 819 or 70% responded. The choice of this branch and the specific years was dictated by several considerations: relative homogeneity of education; standardization for years of experience; existence of an earlier pilot study of 1954 graduates, by the Department of Labour; growing importance of electrical engineering; and the author's background in this field. Andrew C. Gross, "Engineering Manpower in Canada," (Ph.D. dissertation. The Ohio State University, 1968). Four major areas were investigated: sources of engineering manpower, patterns of formal education for the profession, labor market experience, and patterns of utilization of young engineering graduates. In addition to the mail survey, personal interviews were conducted with engineers in four large corporations and historical data were analyzed and synthesized from 1891 to 1961.
'Modal values were $9,850, |8,200, and |6,275; median earnings in 1965 were $10,600, $8,825, and $6,425 , respectively. These figures are based on ungrouped data, while the figure is based on grouped data.
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Figure. the quality of labor or in other factors could manifest themselves. Despite this, there is as much variation in income for this group on a relative basis as there is for the other two classes (see above); it is this variation on which the regression analysis will be used.
Mean starting salaries were |4, 300, $5,375, and $5,600 for 1954, 1959, and 1964 graduates, upon leaving college. By the time of the survey, these men had spent about 11, 6, and 1 year in full-time employment. Using these figures, current incomes cited before, and compound interest tables, the average annual growth in salaries can be computed. This figure turns out to be 9 percent for both 1954 and 1959 graduates and 15 percent for 1964 class members. The growth in earnings is slightly understated for two reasons: the artificial salary ceiling of $15,500 imposed and the fact that initial salaries reflect income received on starting the first job, regardless of whether this occurred immediately after receiving the bachelor's degree or following graduate schooling. Even the 9 percent figure is relatively very high: it is approximately double the annual percentage change in average weekly wages and salaries of all Canadian wage earners during the same period.^ As will be discussed, this represents a reversal of trends observed between 1931 and 1951 while the opposite held true for utilities and various levels of government. Third, graduates from an English-language or a highly rated university had no advantage in income earned over those from a French-language or a less highly rated school, other things being equal.
Determinants of Income
Although it is possible to hold one explanatory variable constant while the variation of salary with another is examined, such techniques have definite limitations. Results obtained from oneway (and even two-or three-way) classifications are liable to be distorted by confounding and interaction. Multiple regression analysis provides an opportunity to assess the relative contributions of the various independent variables to the dependent variable, in this case, annual salary. The technique has been used once before to study the salary structure of Canadian engineers and scientists. This was in the pioneering work of G. Rosenbluth, who used 1951 data from the Department of Labour.^** The most salient difference between his work and the present one is that while years of experience proved to be the most important of four independent variables in Rosenbluth's analysis, in the following analysis this variable is omitted by the selection of specific years of graduation. Thus, the question asked here is both more interesting and more difficult: Why do current earnings of members of a given graduating class, all of whom specialized in the same curriculum, differ from each other? This question is considered separately for the three classes and then also for that subgroup in each class whose members are wage earners residing in Canada.
The independent variables used in the multiple linear regression analysis are identified, their construction is explained, and their expected effect on income is given in Total number of fringe benefits received in full or in part, maximum score 10, minimum score 0
Sum total of scores given on 11 questions relating to satisfaction and utilization; maximum score 1100, minimum score 550
Remuneration received at start of first job; in hundreds of dollars
Composite of journals read, conferences attended, and articles recalled; maximum score 34, minimum score 0 oretical considerations can readily suggest major factors which influence income,ii variables were not always available in the desired form or in the desired relationship corresponding to a specific portion of the theory. Thus, some of the factors had to be represented by proxy, index-type, or dummy variables, while others simply were omitted.^Ŝ ix estimating equations or "runs" were constructed as follows: runs la, 2a, and 3a for all 1954, 1959, and 1964 electrical engineering graduates and runs 4a, 5a, and 6a for the corresponding subgroups whose members were wage earners residing in Canada. In each run a highly significant value of the F-statistic was found, indicating the existence of a relationship between the dependent variable and the entire set of independent variables. In the first three runs the amount of explained variation was about 50 percent, while in the last three cases it was approximately 40 percent.i^ The variables used proved to be a somewhat better set of explanatory factors for older than for more recent graduates.
The amount of explained variation in any of the above runs is certainly a much higher figure than the 21 percent reported by Rosenbluth for Canadian electrical engineers as of 1951.^* The results here are, in fact, more impressive than such comparison of the coefl&cients of determination would indicate, since variation within experience categories is being explained. Admittedly, some of the improvement is due to the inclusion of more variables, but the amount of explained variation decreased only slightly when more than half of the independent variables were eliminated (see below). Still, this amount of explanation by the model-40 to 50 percent-is surprisingly low, considering the number and nature of the variables included. In part, this result is due to the use of dummy variables for such important influences as occupation and industry. Inclusion of specific employer characteristics-especially rate of growth, perceived need for technical men, and profitability of the firm-possibly would have contributed much toward explaining some of the remaining variation. Similarly, using more appropriate measures for quality of labor, such as on-the-job contribution instead of academic performance, would have resulted in a higher amount of explained variation.
Summary of Six Runs A close examination of the matrix of simple correlation coefficients in each of the six runs showed no significant association among the independent variables (r =^ 0.40). However, certain factors in "Rosenbluth, "Salaries, 1951," pp. 150-153 . Industry, region, function, and experience were the independent variables. His analysis of other occupational groups (civil engineers, biologists, etc.) yielded only slightly higher R" values, in the range of 0.25 to 0.32. Note that the study by Rosenbluth refers to (one third of all) Canadian electrical engineers, not to Canadian electrical engineering graduates. each of the six estimating equations, i.e., sidered typical in terms of confidence runs la to 6a, could be characterized as level, t-values, and other coefficients. A weak explanatory variables (for example, summary of all six runs, showing key activity index or number of different variables, amount of explained variation, functions performed). These showed a and number of respondents in each case, low degree of correlation with the deis presented in Table 3 . Data from these pendent variable; they had relatively low tables and from the tables for the other t-values, low partial correlation coruns, along with supporting information efficients, and low beta coefficients.^^ (not shown here), can be summarized Since there was no theoretical objection and interpreted as follows, to excluding such relatively unimportant i. The value of the calculated F-ratio and unreliable variables, this was done, remained significant in all six runs, inand the estimating equations (now dedicating the existence of a relationship noted as runs Ib to 6b) were calculated between the dependent variable and the with the nine remaining "key" variables.
respective set of key variables. The value The key variables were not identical of R^, the coefficient of determination, from run to run, but there was a considdecreased relatively little in each case, erable overlap as expected. Data for run Thus, the omitted variables contributed Ib are shown in Table 2 and can be cononly small amounts to the explanation of variation in income. As a result of the institutional and organizational settings have all contributed to differences in salaries earned. The following variables proved to be significant (at the .05 level) and to have positive regression coefficients in at least two cases: (a) undergraduate academic performance, hours worked, and professional engineer license, (b) self-employed status and occupation, and (c) number of job offers received in the past year, number of months spent with present employer, and residency outside Canada. Compensating differences (i.e., number of fringe benefits received, satisfactionutilization score, and initial salary) had positive coefficients thus supporting findings of previous studies that they accompany rather than substitute for high income.
3. For 1954 and 1959 graduates, selfemployed status and residency outside Canada were highly significant and important variables: either could mean an additional $1,600 to $2,100 income per year. Graduates from these classes in managerial occupations typically earned an added $1,300 per year.^^ However, these variables had little infiuence on the earnings of the 1964 class members; relatively fewer men were in self-employment, outside Canada, or in managerial occupations. For 1964 graduates, hours worked per week were a significant variable; extra effort expended at the early stage of one's career apparently is noticed. Initial salary also played a major influence for these recent graduates, a finding similar to that reported for certain U.S. professionals.^4
. The positive regression coefficients for both the number of job shifts made and the number of months spent with the current employer may seem surprising at first. They would indicate that a valuable employee is one who has "moved around" gaining varied skills, but has now "settled in" with his present organization. There is weak or no correlation between possession of an advanced degree and current income; many persons holding graduate degrees apparently accepted positions in relatively lowpaying industries or occupations.^* The "The net or partial regression coefficient in Table 2 represents the differential effect of the independent variable on the dependent one, in hundreds of dollars. importance of number of job oflEers received in the past year by the 1959 graduates, but not other groups, seemed to indicate the former were at the peak of their own "marketability" six years after graduation, and they used this lever for obtaining higher salaries from their present employers. The positive contribution of the responsibility index and professional registration to the earnings of the 1964 graduates must be interpreted with care; they are likely to be proxy variables for the experience of the few older men in the group who did technical work prior to entering college.
5. The removal of class of worker and residency status decreased the amount of explained variation in income and also influenced the relative importance of some of the remaining variables. Thus, for the three groups of Canadian wage earners, individual qualifications have definitely risen in their explanatory power: outstanding academic performance and professional registration now make a greater positive contribution to annual earnings. A managerial occupation is still a significant source of additional income, again indicating that executives are better rewarded than those who remain as technical men. This seems to run counter to the dual ladder (or parallel path) of advancement professed by most corporations. As before, forces influencing earnings of relatively older graduates differ somewhat from factors which are significant for the 1964 class.
Mobility and Salary Changes
The number of job shifts made had a positive, though not always major, infiuhave a higher concentration in private industry than do their Canadian counterparts, especially in manufacturing. Furthermore, the tertiary sector in the U.S. may be more competitive with the secondary sector than is the case in Canada. ence on current income; the specific changes in salaries obtained on moving have not been investigated until now. self-employed status was included, but that between full-time and part-time positions was excluded from Table 4 .
In the class of 1954, about half of the movers benefited from making a job shift, 31 percent showed no change in remuneration, and 18 percent accepted cuts in salaries of $1,000 or more. Corresponding figures for the 1959 class were similar: 45, 44, and 11 percent, respectively. Among mobile aerospace engineers and scientists in the U.S., almost two thirds obtained higher compensation on moving during [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] .^" Parnes concluded that from 50 to 60 percent of U.S. workers, most of them in lower level occupations, achieved an immediate "/fcid. financial gain from changing jobs during the 193O' s and 194O's.2i The Canadian figure is thus somewhat less than the percentages reported in the U.S., but the present study ignored changes of less than $1,000. The different structure of the two labor markets also can account in part for the difference in proportion of those who achieved an improvement in income after moving.22
An analysis of individual questionnaires revealed that three distinct groups of Canadian graduates accepted salary decreases on changing positions. In the first category were those who entered self-employment by establishing their own firms (as opposed to joining familyowned enterprises). If these men could remain in a self-employed status for over two years, they almost invariably compensated themselves for their earlier losses. Another group accepting pay cuts included those who originally had taken a "high venture" position. Having earned substantial wages and benefits, usually at remote locations, these men were eager to return to less lucrative but more stable and familiar surroundings. Finally, some men chose to take salary cuts either to escape from a disagreeable work environment or in hope of opportunities for advancement in the long run.
Additional conclusions may be drawn from Table 4 Engineers, 1964 and Professional Income of Engineers, 1966 -1967 (New York: Engineering Manpower Commission, 1964 , 1967 , II-National Survey of Professional, Administrative, Technical, and Clerical Pay, Feb.-March 1964 (Washington: Bureau of Labor Statistics, 1964). work. Craduates entering managerial and military occupations received more fringe benefits than those remaining in the professional category. Transportation and communication companies were the most generous in their fringe benefit policies.
4. Despite claims to the contrary, relative increases in salaries were significantly higher for younger than for older engineering graduates.^s Such "salary on comparison of findings from the primary survey and data from the Canada Department of Labour vs. Report on Salaries (Ottawa: Canadian Council of Professional Engineers, yearly, 1959 Engineers, yearly, -1966 , pp. 2-4. The CCPE obtains its data directly from large organizations only and not from individual respondents.
compression" appeared to be due much more to market conditions than to technological obsolescence of older men.^* But fringe benefits show some correlation with years of experience and hence mitigate the impact of the narrowing of salary differentials.
5. As Table 5 shows, at the level of 1 to 10 years of experience, median U.S. engineering salaries exceeded their Canadian counterparts by about 30 percent during the 196O's. At the same time, at the 15-year experience mark the differential was only 16 percent, and beyond the 20-year level there was practically no difference in median incomes earned.
